ABSTRACT
INTRODUCTION
The traditional meat products such as longaniza sausages and charqui have some particular sensorial characteristics. Aroma is determining the product acceptance. In this sense, fat plays a preponderant role in the sensorial properties of meat products as it acts as volatile compounds precursor and also as aroma compounds solvent (Olivares et al. 2009a ). On the other hand, protein degradation leads to the formation of aromatic compounds (Stahnke 2002) . Besides, proteins have an effect on the flavor and aroma perception because the structure interacts with the flavor components, which affect the concentration of volatile compounds in the headspace (Gianelli et al. 2003; Pérez-Juan et al. 2008) . In this aspect, Olivares et al. (2009b) have reported that the intramuscular fat and protein fraction are the tissues that mostly contribute to develop the flavour in dry fermented sausages. Also, the microbial growth in the sausages is responsible for developing an important number of volatile compounds (Stahnke 2002) . Charqui is a dry salty meat product, usually elaborated with the horse or bovine meat. Curing process results in a low water activity product, between 0.7 to 0.75 (Pinto et al. 2002; Youssef et al. 2003) . Elaboration process permits the chemical and biochemical reactions, which are responsible for the flavor (Martin et al. 2009 ). Charqui is the result of the use of hurdle technology to inhibit the micro-organisms growing; these barriers are sequentially applied, salt, sodium nitrate, dehydration (Youssef et al. 2003) . Longaniza sausages are elaborated with pork, pork back fat, additives and spices. Chilean Food Sanitary Regulations (RSA 2003) define this product as a fresh raw meat product as its processing does not results significant variations in the Aw and pH compared to the fresh meat. Solid phase microextraction (SPME) is used to detect the volatile compounds present in dry fermented sausages (Marco et al. 2007; Gianelli et al. 2009; Olivares et al. 2009b ) and cured products (Gianelli et al. 2002; Ventanas et al. 2008) . The effect of animal species over the volatile compounds in the dried meats has been studied (Hierro et al. 2004) . It is necessary to point out here that there is no clear regulation for the elaboration of the parameters and final characteristics of the Chilean traditional meat products. There is a wide variety of ingredients, processing and proportions among the producers. The purpose of this investigation was to study the volatile compounds present in the headspace of different traditional brands of charqui and longaniza sausages using the SPME technique.
MATERIALS AND METHODS

Samples
Charqui
Five different traditionally elaborated charqui brands were bought from the local market. Elaboration process consisted in the use of lean horse meat which was salted and dried in a convective oven at 60º. All the samples were vacuum stored at -20ºC until the analysis.
Longaniza sausages
Five different traditionally elaborated longaniza sausages brands were bought from the local market. The samples were elaborated with pork, pork back fat, additives and spices, such as the salt, oregano (Origanum vulgare), paprika (Capsicum annuum L. var longum), chilli pepper (Capsicum annuum L. var grossum) and garlic (Allium sativum L.), minced and mixed together, finally stuffed into a casing and smoked. All the samples were vacuum stored at -20ºC until analyzed.
Volatile compounds extraction
The headspace volatile compounds extraction was made by using the SPME Carboxen/ Polidemethyl-siloxane (CAR / PDMS) fibre of 85 µm, supplied by the Supelco (Bellafonte, PA, USA). Before each analysis, the fibres were preconditioned in the injection port of the gas chromatograph as indicated by the manufacturer. The samples were cut into 4 mm cubes, a 3 g sample was introduced into a vial closed with a twisted-off lid and sealed with the PTFE silicone septum (Supelco, Bellafonte, PA. USA). The samples were heated in a thermo block (Equilab 2050-ICE, Paris, France) for 90 min at 30ºC, with the purpose of equilibrating the headspace. The SPME fiber was exposed to the vial headspace for 30 min at 30ºC and the adsorbed compounds were quantified and identified through the gas chromatography analysis with a mass detector (GC-MS). All the samples were analysed in triplicate for each product brand.
Identification and quantification of volatile compounds
The volatile compounds adsorbed by the fibre were desorbed in the injection port of the Shimadzu GC, series GC-17-A, equipped with a Shimadzu GCMS QP5050A mass-selective detector (Kyoto, Japan). Desorption was performed by keeping the fibre in the injection port for 5 min at 220°C with the purge valve off (splitless mode). The compounds were separated in a DB-624 capillary column of 60 m long, 0.25 mm id and film thickness 1.8µm (J&W Scientific, Falson, USA). Helium was used as the carrier gas at a linear velocity of 28.3 cm s -¹. The temperature program began when the fibre was inserted, the temperature was held at 38°C for 8 min, ramped to 150°C at 8°C min -¹, then to 220ºC at 10°C min -¹ and held at 220°C for 21 min, giving a total run time of 50 min. The GC-MS interface was maintained at 240°C. Mass spectra were obtained by electron impact at 70 eV. Mass spectra data of volatile compounds were acquired in the range 25-400 amu. The volatile compounds were identified by comparison with mass spectra from the collection base (Nist' 107 and Nist' 21). The identification was confirmed by the injection of standard compounds when available and using the Kovats retention index (KI) reported in the bibliography.
Statistic analysis
Results were expressed as the mean of the total ions area of each volatile compound. The samples were analyzed in triplicate using the variance analysis (ANOVA), employing the statistics software Statgraphics Plus 5.1. Significant effects were compared through the Fisher less significant differences test (LSD).
RESULTS AND DISCUSSION
The volatile compounds absorbed by the SPME fibre were identified and quantified through the gas chromatography with a selective-mass detector. (Table 1, Table 2 ). In charqui, aldehydes and alcohols presented higher area percentages. Aldehydes were found in the highest proportion in three of the five samples, with an area percentage that varied between 54.28-66.14%; in the other two samples, the area percentage was 17.09 and 7.98%. Alcohols percentage varied between 6.89-14.88%. In longaniza sausages, the highest proportion of the volatiles compounds was sulphur compounds and organic acids. The highest proportion of sulphur compounds found in three of the analyzed samples varied between 21.5-37.2%. In the other samples, the highest percentage corresponded to carboxylic acids, 65.1 and 38.4%. C Reliability of identification: a, mass spectrum and retention time identical with an authentic sample, b mass and Kovats index from literature in agreement; c, tentative identification by mass spectrum.
D Main Chemical/biochemical origin: LO, lipid oxidation; AA, amino acid catabolism; CA carbohydrate fermentation; β, lipid β-oxidation; SK, smoke; S, spices and condiment . Origin has been reported in has been reported in (1) Hierro et al. (2004) , (2) A Number of peak as in figure 1 and 2 . B Kovats index calculate for DB-624 capillary column (J& W Scientific; 60 m, 0.32mm i.d. 1.8 µm).
C Reliability of identification: a, mass spectrum and retention time identical with an authentic sample, b mass and Kovats index from literature in agreement; c, tentative identification by mass spectrum.
D Main Chemical/biochemical origin: LO, lipid oxidation; AA, amino acid catabolism; CA carbohydrate fermentation; β, lipid β-oxidation; SK, smoke; S, spices and condiment . Origin has been reported in has been reported in (1) Hierro et al. (2004) , (2) Théron et al. (2010) , (3) Flores and Olivares (2008) , (4) Marco et al. (2008) , (5) de Campos et al. (2007), (6) Guillen and Manzanos (1999) , (7) Aaslyng and Schäfer (2008) , (8) 
Charqui
Fifty-four different volatile compounds were extracted from the charqui sample headspace (Table 1) . Most volatile compounds extracted showed statistically significant differences concerning the area. This indicated a high volatile variability among the charqui brands. Some volatile compounds appeared only in one or two samples. Figure 1 shows a characteristic chromatogram of charqui. Groups with the highest amount of the volatile compounds and areas were aldehydes and alcohols, each group with twelve different compounds. The area percentage corresponding to those compounds generated by the lipid oxidation varied between 39.83-79.20% in four of the five analyzed samples. This could eventually demonstrate that the oxidation reactions have a relevant role in the aroma of the product. Results showed a linear correlation (r 2 = 0.94) between the lipids content in the charqui samples (except sample 4) and the response area of the total volatile compounds coming from the lipid oxidation. It was also possible to correlate in a linear way (r 2 = 0.91) the lipid content of charqui samples (except sample 4) with the total response area of volatiles compounds found in each sample. Both the correlations were inversely proportional, that is to say, as the lipid content increased in the charqui sample, the response area of volatile compounds present in the headspace decreased. Lipids are excellent solvents and also decrease the vapour pressure of a large number of volatiles compounds; therefore, a higher amount of lipids decreases the volatile compounds content in the headspace. Twenty-three volatile compounds were generated as a consequence of lipid oxidation and most of them were mainly aldehydes and alcohols. Linear aldehydes: pentanal, hexanal and heptanal were found in all the samples. Linear aldehydes may be formed by autoxidation of some unsaturated fatty acids (Stahnke 2002) . Linear aldehydes, pentanal, hexanal, heptanal, octanal and nonanal were also previously identified by Hierro et al. (2004) in the headspace of dried and salted horse meat. Of the aldehydes group, hexanal was the compound with the highest area percentage in four of the analyzed samples. All the alcohols produced by the lipid oxidation 1-pentanol, 1-peten-3-ol, 1-octanol, and 1-hexanol had been previously reported as present in horse meat charqui samples by Hierro et al. (2004) and in the cured ham by Gianelli et al. (2002) . Among these alcohols produced by the oxidative decomposition, 5.59% of 2,3-butanediol was found in only one of the samples and in the rest of the samples, the most abundant was 1-pentanol that was produced by lipid oxidation and was present in all the analyzed samples. However, the area percentage of each of these compounds did not reach higher than 3.2%. 1-octen-3-ol produced by beta oxidation ) reached 6.49% in one of the analyzed samples but in the rest of the samples, only reached as high as 3.28 to 3.80%. On the other hand, 2-peten-1-ol was identified as a product of the lipid degradation in pork meat with an addition of linoleic acid and its odor descriptor was chemical, synthetic (Aaslyng and Schäfer 2008) . It was possible to identify only two ketones, 2-heptanone and 2,3-pentadione provided by the beta oxidative degradation in charqui. 2-heptanone was identified in four samples; this ketone has been reported as present in cured products (Yu et al. 2008 ) and in cooked beef meats (Machiels and Istasse 2003) . The area percentage of each ketone was not higher than 1.04%. Aaslyng and Schäfer (2008) detected 3,5-octadien-2-one in cooked pork meat after the addition of α-linolenic acid. However, α-linolenic acid compound of the cured intramuscular horse fat only reached 4,5% (Paleari et al. 2003) . In relation to hydrocarbons, tridecane and tetradecane were identified as present in all the charqui samples. However, their percentage was not higher than 2.69% for tridecane and 1.42% for tetradecane. These compounds had been previously reported in the meat products (Clakin and Hodgen 2007) . Besides, the presence of decane has been reported in charqui samples (Hierro et al. 2004 ) and in the cured products (Gianelli et al. 2002) . Straight chained aliphatic hydrocarbons with less than 10 carbon atoms arising mainly from the lipid oxidation (Muriel et al. 2004 ). On the other hand, Tejeda et al. (2001) reported that long chained aliphatic hydrocarbons could be accumulated in the fat deposits of the animal probably from the feeding. Compounds, whose origin is the bacterial metabolism, specifically carbohydrates fermentation, represented an area percentage lower to 39.96% in four of the five analyzed samples. Sample 5 presented a percentage of 77.92% for those compounds coming from the carbohydrates fermentation; the same sample showed the lowest area percentage (11.78%) of all the volatile compounds produced by the lipid oxidation. The highest percentage of the compounds originated by the fermentation and a comparatively low percentage of compounds originated by the oxidation demonstrated that in this particular sample, there was a higher degree of bacterial metabolism. Pinto et al. (2002) found the evidence leading to the conclusion that the elaboration of jerked beef, therefore charqui, was a fermentation process. Four furans compounds were found in the charqui samples. The presence of these compounds in the food has been related to the heating processes, smoke and Maillard reaction (Yu et al. 2008 ). 2-pentyl-furan was identified in five charqui samples and its area percentage varied between 2.6 and 0.41%. In the pyrazine family, only one of the analyzed samples reached a percentage of 7.56%, and tetramethylpyrazine was the compound that showed the highest area percentage. It appeared after the smoking process (Hierro et al. 2004 ). However, 2,6-dimethylpyrazine and tetramethyl pyrazine were identified as odour-active in the cured ham. These compounds were probably formed by the Maillard reaction (Théron et al. 2010) . Besides, 2,5-dimetylpyrazine and 2,3-dimetylpyrazine were described by Aaslyng and Schäfer (2008) as present in the cooked minced meat with the addition of fatty acids, but in general, pyrazine formation was not under the influence of fatty acids. The area percentages among all the samples showed statistically significant differences. Those differences could be related to the conditions of the elaboration process and the raw material used for the manufacture of these products.
Longaniza sausages
Thirty-two volatile compounds were extracted from the samples headspace. Figure 2 shows a characteristic chromatogram of longaniza sausage. Most of volatile compounds have been previously detected (Marco et al. 2008; Gianelli et al. 2009 ), except for those compounds provided by the spices and the smoking process. All the sulphur compounds that were identified in the samples came from garlic (Calvo-Gómez et al. 2004 (Kim et al. 2010) . The presence of higher percentage of garlic volatile compounds showed that this product in particular was formulated with higher amounts of garlic, and therefore it might have a higher antimicrobial activity. Ethanol produced by the carbohydrates fermentation was identified in the five analyzed longaniza sausages and its area percentage varied between 2.03 and 29.26%. The samples presenting a lower area percentage of sulphur compounds presented a higher area percentage of ethanol, which resulted from the microbial fermentation. Figure 2 -Chromatogram obtained by SPME after exposition for 0.5 h at 30°C in the headspace of longaniza. Hierro et al. (2004) reported that 2-methoxyphenol or guaicol showed antimicrobial activity. These were found in the samples 3, 4 and 5; however, it was not possible to relate their presence to the decrease of compounds generated by the fermentation. The compounds derived from 2-cyclopenten-1-one were originated by the Maillard reaction through the pyrolysis of complex carbohydrates (cellulose) during the smoking process (Jerkovic et al. 2010 ). 3-hydroxi-2-butanone was identified in the five analyzed samples and its area percentage varied between 0.76 and 9.18%. This ketone was in dry cured loin (Muriel et al. 2004 ) and raw pork meat (Soncin et al. 2007) . Terpenes have two possible origins, fat deposit accumulation resulting from the animals feeding process or spices added during the elaboration process (Muriel et al., 2004) . The presence of pcymene has been previously reported in oregano (Baranauskiene et al. 2006) . Butyrolactone was identified in four out of five analyzed longaniza sausages samples. Ruiz et al. (2002) considered the presence of lactone in drycured Spanish ham as produced by the lipid oxidation, Maillard reactions and the heating process. Hexanal was the only identified aldehyde in the samples. Nevertheless, it was present in two of the analyzed samples. Soncin et al. (2007) reported the presence of aldehydes in raw pork meat. Hexanal and pentanal have been reported as lipid oxidation indicators in the meat (Brunton et al. 2000) . Highest area percentage of volatile compounds resulting from the lipid oxidation reached 17.34%, compared to those values obtained from the carbohydrates fermentation in the charqui samples that might reach an area percentage as high as 80.1%. These results showed that the predominant processes in the longaniza sausages were carbohydrates fermentation and it also showed that the lipid oxidation might occur in a low proportion. It was concluded that the volatile compounds identified in the charqui samples mainly resulted from the lipid degradation reaction. These compounds could be used as volatile profile indicator. Four out of five charqui brands showed similar total area percentages for alcohols between 51-64% and aldehydes between 10-14%. However, there were significant statistical differences among the analyzed samples concerning the response area in particular of each volatile compound. In the longaniza sausages samples, the volatile compounds mainly came from the spices and raw materials used for their elaboration. The volatile compounds present in the samples headspace did not show similitude among the samples. The volatile compounds area percentages showed significant statistical differences.
CONCLUSIONS
Chilean traditional meat products, such as charqui and longaniza sausage showed different volatile compounds profile. The volatile compounds showed significant statistical differences among all the analyzed samples. However, charqui showed most volatile compounds resulting from the lipid oxidation. In the case of longaniza sausages, the volatile compounds resulted from the spices and carbohydrate fermentation. The differences between the two meat products were due to the raw materials and processing conditions. Charqui is a whole muscle dry product while longaniza is a fresh minced meat product.
